Rationale Recently, products containing synthetic cannabinoids, collectively referred to as Spice, are increasingly being used recreationally. Objectives The availability, acute subjective effects-including self-reports posted on Erowid-laboratory detection, addictive potential, and regulatory challenges of the Spice phenomenon are reviewed. Results Spice is sold under the guise of potpourri or incense. Unlike delta-9-tetrahydrocannabinol, the synthetic cannabinoids present in Spice are high-potency, high-efficacy, cannabinoid receptor full agonists. Since standard urine toxicology does not test for the synthetic cannabinoids in Spice, it is often used by those who want to avoid detection of drug use. These compounds have not yet been subjected to rigorous testing in humans. Acute psychoactive effects include changes in mood, anxiety, perception, thinking, memory, and attention. Adverse effects include anxiety, agitation, panic, dysphoria, psychosis, and bizarre behavior. Psychosis outcomes associated with Spice provide additional data linking cannabinoids and psychosis. Adverse events necessitating intervention by Poison Control Centers, law enforcement, emergency responders, and hospitals are increasing. Despite statutes prohibiting the manufacture, distribution, and sale of Spice products, manufacturers are replacing banned compounds with newer synthetic cannabinoids that are not banned. Conclusions There is an urgent need for better research on the effects of synthetic cannabinoids to help clinicians manage adverse events and to better understand cannabinoid pharmacology in humans. The reported psychosis outcomes associated with synthetic cannabinoids contribute to the ongoing debate on the association between cannabinoids and psychosis. Finally, drug detection tests for synthetic cannabinoids need to become clinically available.
Introduction
A relatively recent phenomenon, Spice and its psychoactive constituents, synthetic cannabinoids, represent an increasingly popular trend in substance use for which researchers and clinicians have insufficient data. There have been several excellent reviews on the Spice phenomenon that have covered many of the important issues (Ashton 2012; Bhatty and Wu 2013; Castellanos and Thornton 2012; Fattore and Fratta 2011; Gunderson et al. 2012; Harris and Brown 2013; Loeffler et al. 2012; McGuinness and Newell 2012; Psychoyos and Vinod 2013; Seely et al. 2012) . Building on existing reviews, our paper examines aspects not previously covered by including the rich, informative literature on the subjective effects of Spice posted on the Erowid website. To our knowledge, this is the first time these data have been presented in the medical literature. The Erowid literature is critical, given the lack of any controlled data on Spice or its constituent cannabinoids.
Despite well-intentioned regulatory efforts, Spice use has increased along with its psychiatric, medical, and social consequences. Thus, there is a need for more research and controlled studies to investigate Spice and synthetic cannabinoids. Clinicians may be most interested in a review of Spice for its increasing popularity and abuse potential. However, reviewing the effects of the synthetic cannabinoids present in Spice may also enhance our knowledge of the brain's cannabinoid system, since most of what we know is based on the effects of delta-9-tetrahydrocannabinol (THC)-a low-efficacy, partial agonist of brain cannabinoid receptors.
The current review covers all known symptoms and ramifications of Spice use by synthesizing clinical reports, surveys, epidemiological data, and the unique subjective reports of users themselves documented in Erowid self-reports. Special emphasis is placed on psychotic symptoms, which are often the most obvious and disturbing consequences of acute and chronic Spice use.
What is Spice?
Spice refers to a group of commercially available psychoactive products containing one or more synthetic cannabinoids sprayed onto an herbal substrate. The name may be a reference to the intergalactic spice at the center of Frank Herbert's novel, Dune (Ashton 2012; Vearrier and Osterhoudt 2010) . These products are marketed under various names; some of which may denote the intensity or type of high a user might experience (Auwarter et al. 2009; Chainsaw 2009 ). Hereafter, Spice will be the catchall term for these substances.
Manufacturers in the USA allegedly obtain synthetic cannabinoids from distributors overseas (Piggee 2009 ). The synthetic cannabinoids are then dissolved in a solvent and sprayed onto dried plant material. Once the solvent evaporates and the plant material is dried again, the product can be crushed and packaged (Musah et al. 2012) . Spice is packaged either as a loose leaf or pre-rolled product, though it has occasionally been sold in powder form (Kikura-Hanajiri et al. 2011) . It is typically smoked through a conventional cannabis pipe, a water pipe, or in cigarette papers ). Various flavors have been added to Spice, possibly to justify the marketing of some Spice products as potpourri. Certain flavors may also correlate with specific synthetic cannabinoids and plant-based materials (Zuba et al. 2011) .
History
Recreational use of Spice most likely started in Europe, where as early as 2004 it was sold over the internet and in head shops (Bryner 2010; Deluca et al. 2009 ). These "designer drugs" were introduced onto the drug-use market as "legal highs" or "herbal highs" (Zawilska 2011) . Packages listed only herbal ingredients-some of which have known cannabis-like properties-and not synthetic cannabinoids, leaving users to speculate what the active agents were. It was not until 2008 that synthetic cannabinoids were formally detected in specimens Schifiano et al. 2009 ). The first formal report of Spice trafficking in the USA was in December 2008 (Leonhart 2012) . Since then, reports of Spice abuse have increased exponentially. Availability, cost, marketing, and labeling In Europe and the USAs, a 3-g packet of Spice typically sells for between 20 and 30 Euros, and 30 and 40 dollars, respectively (Schifiano et al. 2009; Wehrman 2011) . These products are primarily bought from head shops, gas stations, convenience stores, and over the internet (Vandrey et al. 2012) . They are often marketed as incense, fragrance, and potpourri with labels stating "not for human consumption" and "not suitable for under 18" (Figs. 1 and 2 ). The advertising for different brands suggests that consumers are aware that the psychoactive effects are similar to products marketed as Spice (European Monitoring Centre for Drugs and Drug Addiction 2009).
The growing phenomenon of Spice
In the USA, Spice has become the second most frequently used illicit substance after cannabis (NIDA 2012) . The synthetic drug industry that includes Spice is growing at an estimated $5 billion a year, according to Rick Broider, president of the North American Herbal Incense Trade Association (Rose 2012) . The promise of a stronger high than cannabis, easy access, affordability, a perception that the products are legal, and the difficulty detecting these compounds in standard urine toxicology tests have likely contributed to Spice's growing popularity and use. There is growing public awareness about serious negative psychiatric effects associated with Spice consumption that necessitate calls to Poison Control Centers, emergency care, and hospitalization (AAPCC 2011; Benford and Caplan 2011; Hoyte et al. 2012; McGuinness and Newell 2012; Van der Veer and Fiday 2011) . According to the American Association of Poison Control Centers' (AAPCC) National Poison Data System, there were 112 calls concerning Spice in and 2,915 in 2010 (AAPCC 2011 . Between January 2011 and April 2012, there have been 11,561 calls, clearly indicating a rapid increase (Wood 2013) . The use of Spice is increasing among youth in the USA. In the most recent Monitoring the Future survey, 11.3 % of high school seniors nationwide admitted to using Spice in the previous year, compared to 36.4 % who admitted to using cannabis in the past year (NIDA 2012) . In the AAPCC data, the most represented age group was 13-19-year olds, comprising 48.8 % of the calls (Wood 2013 ).
Synthetic cannabinoids: the principal psychoactive constituents of Spice Phytocannabinoids, or plant-derived cannabinoids, include THC, the principal psychoactive component of cannabis. THC is a low-efficacy partial agonist of cannabinoid (CB) receptors. There are at least two identified CB receptors: CB1 receptors (CB1R) and CB2 receptors (CB2R). CB1Rs are expressed primarily in the brain and are responsible for the psychoactive effects of cannabinoids. In contrast, CB2Rs are localized primarily in the periphery on immune cells where they mediate the immunomodulatory effects of cannabinoids (Devane et al. 1988; Pertwee 2008; Schatz et al. 1997) . Over the last three decades, a number of cannabinoids have been synthesized. Unlike THC, the synthetic cannabinoids in Spice are high-potency full agonists at the brain CB1 receptor (see Table 1 ) (Atwood et al. 2010 (Atwood et al. , 2011 Huffman and Padgett 2005; Huffman et al. 2005b; Lindigkeit et al. 2009; Marriott and Huffman 2008) . The synthetic cannabinoids present in Spice are classic cannabinoids, naphthoylindoles, benzoylindones, or phenylacetylindoles (Table 1) . Of note, the synthetic cannabinoids obtained from online vendors were of comparable purity to validated standards (Ginsburg et al. 2012) . Furthermore, there is significant variability in the type and amount of synthetic cannabinoids between Spice products, between batches of the same product, and within a package (European Monitoring Centre for Drugs and Drug Addiction 2009). In addition to synthetic cannabinoids, Spice has been reported to contain preservatives, additives, fatty acids, amides, esters, the benzodiazepine phenazepam, and an active metabolite of tramadol (Brown 2011; Dresen et al. 2010; Zuba et al. 2011) . The psychotropic agents Salvia divinorum, Kratom, and cannabis have also been detected in a few Spice products (Ogata et al. 2013) . It is unknown to what extent these added chemicals and excipients contribute to Spice's effects.
The changing composition of Spice
One unique aspect of the Spice phenomenon is that its constituents seem to be changing over time (Ernst et al. 2012; Rosenbaum et al. 2012 ). This might be related to manufacturers staying one step ahead of legislation. The first generation of Spice contained CP-47,497-C8, JWH-018, and JWH-073. As first observed in the UK, Germany, and Japan, when these compounds were banned, they were replaced by structurally similar and pharmacologically active compounds that avoided regulations (Dargan et al. 2011; Kikura-Hanajiri et al. 2011; Lindigkeit et al. 2009 In response, the banned compounds were replaced by structurally related ones not included within the ban (Jouvenal 2011 ).
Effects of Spice
There are no randomized controlled trials for Spice. Furthermore, few of the synthetic cannabinoids have been tested on humans (Auwarter et al. 2009 ). Most of the information on Spice is anecdotal-from internet forums, calls to emergency responders and Poison Control Centers, and case reports in the medical literature. To what extent the available literature accurately represents the phenomenon of Spice is unclear. The medical literature relies heavily on case reports from the emergency department, which tend to highlight the extreme and catastrophic reactions to Spice use.
Given the dearth of data, the Erowid self-reports may be a meaningful contribution to the medical literature on Spice, just as they have made meaningful contributions to the literature of other emerging substances of abuse (Addy 2007; Wood et al. 2010 ). The Erowid self-reports shed light on the effects users who do not come to medical attention experience and may help elucidate reasons for why people use Spice. Moreover, these self-reports enhance our knowledge of the similarities and differences between synthetic and phytocannabinoids. We acknowledge that there are methodological issues with the Erowid data. These reports are purely subjective and lack objective data. Also, there is no laboratory confirmation for any of the compounds discussed within these reports. However, the Erowid selfreports demonstrate how these products are bought, consumed, and experienced in real-life situations instead of within controlled laboratory settings. In the absence of any other credible sources of information, this literature provides an important insight for those studying the Spice phenomenon (Table 2 ).
Onset and duration of effects
The emergence of symptoms is often unclear in patients presenting to medical attention hours after Spice consumption (Bebarta et al. 2012; Sobolevsky et al. 2010) . However, symptoms can start immediately, minutes, or hours after use; duration of symptoms are variable but can last hours (Auwarter et al. 2009; Barratt et al. 2013; Benji 2010; Canning et al. 2010; coffeeman64 2008; Deluca et al. 2009; Dreaded-Joe 2010; Ellsworth and Stellpflug 2011; Hoyte et al. 2012; Jack 2009; Kratoman 2009; Lapoint et al. Muller et al. 2010a; Riddirk 2008; Schneir and Baumbacher 2012; Schneir et al. 2011; Shruming-Human 2009; Simmons et al. 2011b; Various 2009; WelshSmoker 2009; Winstock and Barratt 2013; Young et al. 2012) . Some users may experience residual effects that can last for several hours (Auwarter et al. 2009; Shakes 2008) . Agitated delirium lasting for several days has been reported (Berry-Caban et al. 2013 ).
Acute effects of Spice
While many of the acute effects of Spice are similar to those of cannabis, there are important differences in both the spectrum and intensity of effects. It is unknown whether these are related to the differences between synthetic and phytocannabinoids or to the non-cannabinoid components present in Spice. The effects of Spice include changes in mood, anxiety, perception, thinking, memory and attention, neurological function, cardiovascular function, and gastrointestinal function (see Table 3 ).
Acute psychoactive effects
Typical acute psychoactive effects of Spice include euphoria, a feeling of well-being, calmness, relaxation, increased creativity, mild perceptual alterations, and mild memory and attentional impairments. Perceptual changes include peripheral numbness, tingling, migratory flushing or cooling, and altered depth perception (Benji 2010; Kratoman 2009; mixmaster 2009; Nostalgia 2010; Riddirk 2008; Shakes 2008) . However, similar to cannabis, effects at either end of the spectrum may occur including anxiolysis or anxiety, stimulation or sedation, and euphoria or dysphoria. Panic attacks following Spice use have been reported, as have suicidal ideation and attempts (Gay 2010; Hurst et al. 2011; Shanks et al. 2012 ; Van der Veer and Fiday 2011).
Psychotic reactions
Psychosis related to Spice use has received particular attention both in the media and medical literature. Psychotic symptoms associated with Spice include perceptual alterations, illusions, auditory and visual hallucinations, paranoia, agitation, aggression, catatonia, depersonalization, and dissociation. Of note, users have reported vivid visual changes described as "fractals," "trails," "flashes of colour [sic]," and "geometric patterns" hallucinations different from what are typically reported in endogenous psychosis (Dan 2009; Skipper09 2009; Various 2009 ).
The prevalence of psychotic reactions is not clear and surveys of Spice users have yielded inconsistent results Vandrey et al.) . It is likely that most psychotic symptoms are transient and resolve spontaneously without medical intervention. However, psychotic reactions are also a common reason why Spice users seek medical attention or are brought in for emergency care (Forrester et al. 2011) .
While psychotic symptoms typically last no more than hours, there have been a number of cases of prolonged psychotic symptoms. In one case report, a 36-year-old man exhibited a 2-week history of odd behavior and irritability within the context of daily Spice use for 4 weeks. These symptoms resolved once he stopped his Spice habit and did not return with continued abstinence from Spice use (Tung et al. 2012) . In a few cases, persistent psychosis lasted for weeks or months, and in certain instances symptoms did not completely remit (Berry-Caban et al. 2013; Hurst et al. 2011; Van der Veer and Fiday 2011) . Whether these instances of prolonged psychosis can be explained by some underlying predisposition to psychosis is unclear. However, there are reports in the medical literature of Spice precipitating psychosis in both users with and without a history of a psychotic disorder (Every-Palmer 2010; Hurst et al. 2011) .
Acute neurological effects
A number of neurological effects of Spice have been reported including tremor, ataxia, nystagmus, fasciculations, hypertonicity, hyperflexion, and hyperextension (Benji 2010; Canning et al. 2010; Cohen et al. 2012; Donnelly 2010; Forrester et al. (Cohen et al. 2012; Simmons et al. 2011a Fasciculations, hypertonicity, hyperflexion, hyperextension (Cohen et al. 2012; Scalzo 2010; Schneir et al. 2011) Other Conjunctival injection, acute kidney injury, miosis, mydriasis, xerostomia, warm dry skin, low-grade hyperthermia, rhabdomyolysis
Xerostomia (Auwarter et al. 2009; coffeeman64 2008; Door-King 2009; mixmaster 2009; Nostalgia 2010; rev.MRC 2009; Shakes 2008; Teske et al. 2010) , ocular (Auwarter et al. 2009; Canning et al. 2010; coffeeman64 2008; Dr-Toata-Phikal 2013; Forrester et al. 2011; Kratoman 2009; mixmaster 2009; Musshoff et al. 2013; Riddirk 2008; Schneir et al. 2011; Simmons et al. 2011a, b; Sobolevsky et al. 2010) , throat and respiratory effects (Alhadi et al. 2013; Gunderson et al. 2012; Loschner et al. 2011; Potty 2009; Shruming-Human 2009) , hangover (Dan 2009; Shootah 2008; Shruming-Human 2009) , acute kidney injury (Bhanushali et al. 2013; CDC 2013) The most common cognitive effects of Spice are impairments in attention, concentration, memory, and operating machinery (Musshoff et al. 2013 ). These effects usually span the period of intoxication but have been known to last longer (Various 2009 ). One notable case of altered consciousness involved a man who collapsed after smoking Spice, became nonverbal, and exhibited repetitive back-and-forth movements in his lower extremities. In the emergency department, he was hypertensive, bradycardic, hypoventilating, and unresponsive with a Glasgow Coma Scale of 7. He was intubated, sedated, and medicated for agitation. By the next day, he recovered and was later discharged (Simmons et al. 2011b ).
Acute cardiovascular effects
The most common cardiovascular side effects are tachycardia and hypertension (Hoyte et al. 2012) . Individuals can present with palpitations, chest pain, or arrhythmias (Bebarta et al. 2012; Cohen et al. 2012; Ellsworth and Stellpflug 2011; Gifford et al. 1999; Hermanns-Clausen et al. 2013; Lapoint et al. 2011; Schneir et al. 2011; Simmons et al. 2011a; Teske et al. 2010; The-Pilgrim 2013; WelshSmoker 2009; Young et al. 2012) . Panic symptoms frequently accompany palpitations, and it can be difficult to differentiate to what extent these symptoms are due to anxiety (Various 2009 ). Even after the period of intense palpitations-which can last hours-has passed, residual irregularities may persist (Shruming-Human 2009). There is suspicion that Spice, in rare cases, may induce myocardial infarction and even death (Mir et al. 2011; St. James J 2010; WYFF4.COM 2011) .
Acute gastrointestinal effects
Spice can induce nausea and emesis as well as stimulate appetite (Canning et al. 2010; Hermanns-Clausen et al. 2013; Modern-Famicom 2009a; Simmons et al. 2011b ). However, users report Spice having less appetite-stimulating properties than cannabis (Winstock and Barratt 2013) .
Other effects
Spice can also induce dry or "cotton" mouth, reddened conjunctiva, pupillary changes including miosis and mydriasis, blurry vision and light sensitivity, cough, and pulmonary inflammation and injury (Alhadi et al. 2013; Auwarter et al. 2009; Canning et al. 2010 Other reported symptoms include hyperthermia, rhabdomyolysis, symptoms suggestive of anticholinergic effects, and tinnitus (Banerji et al. 2010; Forrester et al. 2011; HermannsClausen et al. 2013; Vandrey et al. 2012 ). There are several documented cases of Spice users developing acute renal damage. While the precise cause of renal damage in these patients is unclear, one specific synthetic cannabinoid may be implicated (Bhanushali et al. 2013; CDC 2013) .
Delayed consequences (hangover)
Hangover reactions the day after using Spice are described in the Erowid self-reports (Shootah 2008; Shruming-Human 2009) . One writer described the feeling as similar to what follows a night of heavy drinking: headache, dizziness, nausea, and feeling "the room was spinning" (Dan 2009 ).
Tolerance, dependence, and withdrawal
There are examples of tolerance and withdrawal reactions from long-term Spice use in the medical literature and selfreports (JSB2010 2011; Riley 2012; S Carter 2010; SpacedOUTonSPICE 2009; St. James J 2010; Wells and Ott 2011). Spice use consistent with criteria for substance dependence has also been documented (Dr-Toata-Phikal 2013; The-Pilgrim 2013). The two case reports of withdrawal reactions in the medical literature document symptoms of diaphoresis, internal restlessness, tremor, somatic pain, palpitations, insomnia, tachycardia, hypertension, hyperventilation, headache, diarrhea, nausea, vomiting, and depressed mood. Most severe withdrawal symptoms resolved within a week, although there were longer-lasting residual symptoms (Rominger et al. 2013; Zimmermann et al. 2009 ).
Laboratory detection
There are a number of unique challenges to the laboratory detection of synthetic cannabinoids present in the urine, oral fluid, and serum samples of people who have consumed Spice. Spice contains synthetic cannabinoids from different chemical classes and has a composition that is constantly changing. Therefore, a laboratory test that is to be of clinical utility would require a single or battery of tests that could detect cannabinoids or their metabolites belonging to several chemical classes. Several synthetic cannabinoids including JWH-018 and many of their downstream metabolites can be measured in the serum through liquid chromatography-tandem mass spectrometry (LC-MS/MS) and gas chromatography-mass spectrometry (GC/MS) (Chimalakonda et al. 2011a, b; Dresen et al. 2011; Hudson and Ramsey 2011; Moran et al. 2011; Sobolevsky et al. 2010; Teske et al. 2010 ). However, LC-MS/MS and GC/MS methods require extraction, concentration, or derivatization techniques that are time consuming. While there are no commercially available laboratory tests for the detection of synthetic cannabinoids, there are a number of laboratories that can detect synthetic cannabinoids. However, these tests cannot be performed on-site at most institutions. Thus, the results would not be immediately available and would be unlikely to inform clinical decision making.
Changes in laboratory parameters
In addition to psychiatric and physical symptoms, a number of acute changes in laboratory parameters have been reported in individuals who have sought medical attention related to Spice intoxication (see Table 4 ).
Management
The limited data suggest that supportive and symptomatic treatments such as lorazepam or antipsychotics may be efficacious (see Table 5 ). There are no specific antidotes for the consequences of Spice use. In theory, CB1R antagonists might reverse the effects of the synthetic CB1 agonists present in Spice, but there are no commercially available CB1R antagonists.
Spice users

Demographics
Spice is an international phenomenon used primarily by adolescents and young adults Donnelly 2010 ; European Monitoring Centre for Drugs and Drug Addiction E 2009; Forrester et al. 2011; Hoyte et al. 2012; Johnston et al. 2011; Vandrey et al. 2012 ). In the USA, Spice use is most prevalent in the southeast and Midwest regions (DEA 2011; Wood 2013) . Surveys of Spice use reveal a gender gap, with men more than twice as likely to use Spice than women Forrester et al. 2011; Hoyte et al. 2012; Hu et al. 2011; Vandrey et al. 2012) .
Reasons for use
People use Spice because it cannot be detected with standard urine drug testing; it is perceived as safe and legal, is affordable, and promises a "high" similar to or stronger than cannabis . That standard drug screening assays are incapable of detecting Spice makes the drug popular among military personnel and those who are subjected to routine drug testing (Berry-Caban et al. 2012; Dresen et al. 2011; Every-Palmer 2011; Johnson et al. 2011) . Habitual cannabis users may switch to Spice if they have to be regularly monitored for drugs (Hippieman420 2009; Sopris 2008 ). The internet and Spice's legal status make this Simmons et al. (2011a, b) substance more available to teenagers (Ginsburg et al. 2012) . Shiny packaging, adept marketing, and their innocuous scent allow users to avoid detection (Schifiano et al. 2009 ). Because it had been perceived as legal until recently and is touted as "synthetic marijuana," some assume Spice is a safe alternative to cannabis (Every-Palmer 2011; Vandrey et al. 2012) . Most Spice users abuse other substances, with cannabis being the most frequently used Winstock and Barratt 2013) . Other commonly used substances include tobacco, hallucinogens, prescription opiates, MDMA, benzodiazepines, amphetamines, cocaine, and S. divinorum (Castellanos et al. 2011; Hu et al. 2011; Vandrey et al. 2012; Winstock and Barratt 2013) . Alcohol, cannabis, tobacco, and ketamine have reportedly been used in conjunction with Spice (Schifano et al. 2010; Vandrey et al. 2012 ).
Comparison to cannabis
Given that both Spice and cannabis contain cannabinoids, and Spice is marketed as synthetic marijuana, the extent to which their effects overlap is an important question. However, to our knowledge, there are no direct comparisons between Spice and cannabis or Spice and THC. The principal active component of cannabis, THC, is a low-efficacy partial agonist, while the cannabinoids present in Spice are potent, full-and high-efficacy agonists of cannabinoid receptors (Atwood et al. 2010 (Atwood et al. , 2011 Huffman and Padgett 2005; Huffman et al. 2005b; Lindigkeit et al. 2009; Marriott and Huffman 2008) . Thus, one would expect Spice to produce more intense effects than cannabis.
Spice is often used as a substitute for cannabis. Internet forums associate Spice with the cannabis-like properties of feeling energized, euphoric, sedated, and uplifted Every-Palmer 2011) . However, as the Erowid data demonstrate, there are conflicting reports as to the similarities and differences between the two with respect to their onset and duration of action, intensity and potency of effects, and anxiogenic properties (CitrusBlank1928 2009 coffeeman64 2008; Commando420 2009; Ellsworth and Stellpflug 2011; Flashback 2007; Gunderson et al. 2012; marianne 2008; mixmaster 2009; rev.MRC 2009; Riddirk 2008; Shootah 2008; Sobolevsky et al. 2010; Sopris 2008; Tung et al. 2012; Various 2009 ). However, Spice users overwhelmingly favor the effects of cannabis to Spice (Winstock and Barratt 2013) .
Since Spice products hit the market, there seem to be more reports of catastrophic reactions associated with Spice use relative to cannabis use. This may explain the impetus to outlaw Spice in contrast to the growing momentum for legalizing cannabis. We speculate that the conflicting reports of similarity and dissimilarity between Spice and cannabis may be due to the aforementioned full-agonist nature of synthetic cannabinoids, while the presence of other cannabinoids, terpenoids, and flavonoids in herbal cannabis may modulate the effects of THC.
Unlike Spice, cannabis contains around 70 other cannabinoids and flavonoids, which may influence the net effect of THC. For example, cannabidiol (CBD), a cannabinoid shown to have anxiolytic and antipsychotic properties, could offset some of the anxiogenic and psychotomimetic effects of THC (Elsohly and Slade 2005; Leweke et al. 2000 Leweke et al. , 2012 Zuardi et al. 1982 Zuardi et al. , 1991 Zuardi et al. , 1995 . Leweke et al. showed CBD monotherapy to be as effective in the treatment of acute schizophrenia as a commercially available antipsychotic drug. Moreover, a recent laboratory study demonstrated that CBD attenuated the psychotomimetic, anxiolytic, and amnestic effects of THC in humans (Englund et al. 2013) . Besides CBD, cannabivarin, another cannabinoid found in cannabis, may be a weak cannabinoid receptor antagonist (Pertwee 2008) . Not much is known about whether the excipients present in Spice have any pharmacological effects, but it is conceivable that these contribute to the differences of effects between Spice and cannabis. Recent evidence suggests that the metabolites of some of the commonly present synthetic cannabinoids in Spice may have antagonist effects at CB1 receptors, which may account for some of the differences between cannabis and Spice (Brents et al. 2011 Chimalakonda et al. 2012) .
Finally, in discussing the similarities and differences between Spice and cannabis, it is important to note that the marketing and labeling of Spice as synthetic marijuana or a "marijuana substitute" is both inaccurate and potentially harmful. Such descriptions give the false impression that Spice is similar to cannabis in its constituents and effects, and that it is safer than the available data suggest.
Legislation
Prompted by the alarming growth of the Spice phenomenon, European nations passed laws in 2009 to control these substances (European Monitoring Centre for Drugs and Drug Addiction E 2009). Other nations including the USA followed suit (Dargan et al. 2011; Kikura-Hanajiri et al. 2011; Zimmermann et al. 2009 ). To date, 19 nations aside from the USA have bans on Spice products (Erowid 2013) . However, as these laws went into effect, new synthetic cannabinoids not on the list of banned compounds appeared on the market (Kikura-Hanajiri et al. 2011; Kneisel et al. 2012; Lindigkeit et al. 2009 ). Moreover, some banned synthetic cannabinoids were still components of Spice, albeit on a lesser scale than before the laws were enacted (Dargan et al. 2011; Dresen et al. 2010) .
The USA provides a good example of the legislative challenges surrounding Spice. Once aware of the Spice problem, states and the military passed laws prohibiting the manufacture and marketing of Spice (Erowid 2013; Forrester et al. 2011; Leonhart 2012; Seely et al. 2011) . Unfortunately, these laws have had limited success curtailing consumption, and Spice use continues in areas where legislation against Spice has been passed (Boyle 2011; Vandrey et al. 2012) . Meanwhile, as states passed laws against Spice, the ratio of reported synthetic cannabinoid exposures changed. In 2009, 86.67 % of exposures were due to JWH-018 products, whereas in 2010 this had decreased to 63.39 %. By 2010, other novel synthetic cannabinoid compounds began appearing on the market (DEA 2011).
On July 9, 2012, President Obama signed the Synthetic Drug Abuse Prevention Act of 2012 that adds 15 synthetic cannabinoids belonging to five distinct structural classes to Schedule I of the Controlled Substances Act. On July 26, 2012, the US DEA conducted "Operation Log Jam," seizing 18.4 million packets of synthetic cannabinoids, $36 million in cash, and arresting more than 90 people from 109 US cities (DEA 2012). Although results from chemical analyses have not been disclosed, the DEA has mentioned that "many of the designer drugs… seized as part of Operation Log Jam are not specifically prohibited by the Controlled Substances Act," but may be prosecuted under the Analogues Act if the chemicals are structurally or functionally similar to prohibited chemicals. The impact of this legislation is too early to predict, but new reports suggest that there are significant challenges to regulating these compounds. Whether manufacturers will produce new compounds that do not fall under the legislation or whether these drugs will be sold similarly to other illegal substances remains to be seen. Clearly, despite making it illegal to possess other street drugs such as cocaine and heroin, the use of these drugs is widespread.
Implications
The Spice phenomenon represents a new trend in substance abuse. Thus far, manufacturers and retailers have been successful in their attempts to circumvent law enforcement. The ever-changing nature of these substances means regulatory agencies are locked into a cat-and-mouse interplay with Spice manufacturers and consumers.
One important implication of the Spice phenomenon is how it informs the cannabinoid hypothesis of psychosis. There is growing evidence for a cannabinoid hypothesis of psychosis: that exposure to cannabis and cannabinoid agonists is associated with psychosis outcomes through activation of CB1R (Radhakrishnan et al. 2012; Sewell et al. 2010) . The association may be classified according to duration, clinical significance of psychosis, and how soon after exposure psychosis occurs. Psychotic reactions can be grouped into immediate-onset, short-lived psychotic symptoms; immediate-onset, persistent psychotic states; and a late-occurring, persistent psychotic disorder.
The most compelling evidence for the cannabinoid hypothesis comes from studies of cannabis, but these have several limitations above and beyond the challenges in quantifying exposure to cannabis. THC, the principal active ingredient of cannabis, is suspected to be the main culprit of psychosis outcomes due to cannabis exposure. However, as discussed previously, other constituents of cannabis, notably CBD, may in fact offset some of the effects of THC Borgwardt et al. 2008; Fusar-Poli et al. 2009 Morgan et al. 2010) . Furthermore, there is considerable variability in the THC and CBD content of cannabis. Some forms of cannabis, such as sinsemilla or "skunk" cannabis, contain very high THC and low CBD content and are more associated with psychosis outcomes (Morgan and Curran 2008) . These shortcomings make it difficult to accurately assess the full magnitude of the link between cannabis and psychosis outcomes.
Whereas THC is a weak partial agonist of the CB1R, the cannabinoids present in Spice are highly potent full agonists of CB1R (Table 1 ). This could explain why, despite how relatively recent the Spice phenomenon is, there are disproportionate numbers of cases in the media and medical literature of psychosis following Spice use. Moreover, Spice lacks cannabinoids such as CBD that are known to attenuate psychosis outcomes and may offset Spice's psychosisinducing effects. Thus, the cannabinoids in Spice may complement the existing evidence supporting a link between cannabinoids and psychosis.
Exposure to cannabis in adolescence is thought to contribute to an increased risk of psychosis later in life (Radhakrishnan et al. 2012; Sewell et al. 2010) . Additionally, there appears to be a linear dose-response relationship, with greater exposure increasing the risk for psychosis. Given the higher potency of synthetic cannabinoids relative to THC, there is concern that the growing use of Spice may lead to new cases of psychosis and may precipitate psychosis in individuals with a psychotic disorder. Therefore, monitoring the impact of Spice on the rates of psychosis will be an important public health initiative.
Limitations and future directions
Much of the information about the effects of Spice is derived from case reports, which may reflect extreme examples, and self-reports, which may have limited reliability. The available literature is sparse, retrospective, and burdened with a number of limitations: selection bias, a reliance on the accuracy of the written record or subject recall, the uncontrolled nature of the evidence, the inadequate characterization of cases, the lack of standardized assessments, the confounding effects of other drugs used concomitantly with Spice, and the variable doses and routes of administration. Until controlled laboratory data becomes available, the Erowid data remain a crucial source of information on subjective drug effects and are increasingly valued by researchers and regulatory agencies (Addy 2007; Coyle et al. 2012 ; European Monitoring Centre for Drugs and Drug Addiction E 2002 , 2006 Teltzrow and Bosch 2012) . Most of the reports and studies of Spice exposure lack confirmation through laboratory analysis, and other substances concomitantly used with Spice may have their own risks. As noted by the National Institute of Drug Abuse in their 2011 description of Spice that has since been updated, "the compounds found in Spice have not been fully characterized for their effects and importantly, their toxicity, in humans."
Adolescents and young adults continue to expose themselves to the known and unknown risks of Spice use. As a result, there is a need for controlled data on the acute pharmacology and toxicology of Spice in animals and humans. Achieving this goal will first involve extensive toxicology testing in animals, followed by slow, dose-escalation first-inhuman studies. Such research will aid clinicians and emergency responders in recognizing Spice intoxication easier and will facilitate the development of evidence-based treatments for Spice-induced side effects. There is also a need to characterize the behavioral, subjective, cognitive, and physiological effects of Spice; determine the constituents of Spice sold; and establish the relationship between drug effects and the blood and urine levels of parent cannabinoids and their metabolites. However, Spice manufacturers have no financial incentive to sponsor such research on products they market as "not for human consumption," nor will Spice's young-adult consumers urge Spice manufacturers to conduct this research. The only alternative is for government to sponsor toxicology testing of these drugs.
Urine drug tests for the synthetic cannabinoids present in Spice need to become more widely available. To bring awareness to clinicians, there should be a long-term surveillance program to monitor in real-time the available Spice products and their constituents. Epidemiological studies should be conducted to track the long-term impact of legislation. Finally, acute pharmacological and epidemiological research is needed to explore the acute and long-term effects of Spice use relative to cannabis use. Studying the consequences of Spice may shed further light on the association between cannabinoids and psychosis, since the synthetic cannabinoids present in Spice are much more potent than THC present in cannabis. Finally, characterizing the effects of these high-potency synthetic cannabinoids may also better characterize tolerance to cannabinoids and a cannabinoid-withdrawal syndrome.
